ABSTRACT A study was carried out with White Rock female chicks to evaluate the possibility of using dietary Zn supplied as ZnO, to control feed intake and weight gain during the period of 1 to 3 wk of age. The levels of supplemental Zn tested were 0, 0.25, 0.50, and 1.0% (Experiment 1); 0, 0.65, 0.75, and 0.85% (Experiment 2); 0.7 and 0.8% (Experiment 3). The effect of Zn supplementation was compared with that of a low sodium chloride diet (L-NaCl-D) and of severe feed restriction (SFR), which was calculated to supply energy only for maintenance (Experiments 1 and 3, respectively). The compensatory growth of the chicks from 3 to 4 wk of age was also evaluated.
INTRODUCTION
There is evidence that it is possible to achieve lowweight broiler breeder hens by feed allocation below the recommendations at various age periods (Brody et ah, 1980; Fattori et al., 1991) . One approach for obtaining such hens is by using the combination of early growth depression (EGD) up to about 3 wk of age and feed restriction allocations to levels lower than recommended by the breeder companies thereafter (Bartov et al., 1994) . Early growth depression, induced mainly by severe feed restriction (SFR), has become an efficient tool for improving feed efficiency in broiler chicks (Plavnik and Hurwitz, 1990; Palo et al., 1995) . This procedure, in which the weight gain of the treated birds from 1 to 3 wk of age was about 25% of that of the control, was also shown to be an efficient tool for obtaining low-weight broiler breeder hens (Bartov et al., 1994) . The EGD could also be achieved by feeding diets low in sodium chloride between supplemental dietary Zn levels and relative weight gains (values observed in the unsupplemented diet = 100%). The effects of L-NaCl-D and SFR on decreasing weight gain were calculated, according to the equations obtained in Experiments 1 and 2 to be equivalent to these of 0.58 to 0.65% and 0.78 to 0.87% Zn supplementation, respectively.
Relative weight gain and feed efficiency of the chicks from 3 to 4 wk of age, after withdrawal of the growthdepressing factors, were positively related to the degree of growth depression during 1 to 3 wk of age; however, the intensity of recovery from a similar degree of growth depression induced by L-NaCl-D, SFR, or dietary Zn was least in the last mentioned treatment. It is concluded that dietary Zn supplementation can be used as an efficient tool for controlling early growth of young broiler breeder chicks.
1996 Poultry Science 75:547-550 (L-NaCl-D) (Plavnik and Hurwitz, 1990) , low in protein (Plavnik and Hurwitz, 1990) , and containing short-chain fatty acids (Pinchasov and Jensen, 1989) . Zinc oxide is known for its anorexic effect, which results in molting in laying hens (Stevenson et al., 1987) . This compound, when fed to broiler chicks from 2 to 6, or from 0 to 4 wk of age at concentrations supplying between 0.2 and 0.6% Zn to the diet, markedly depressed weight gain (Dewar et al., 1983) . The use of dietary Zn can serve as a means of inducing controlled EGD in broiler breeder female chicks, in order to obtain low-weight hens. The present study was carried out, therefore, to calibrate the growthdepressing effect of Zn compared with that of L-NaCl-D and of SFR and to define the level of Zn that will result in the weight gain of the treated birds to be about 25% of that of the control. The effects on compensatory growth of EGD induced by the various treatments were also determined.
MATERIALS AND METHODS

Birds, Diets, and Management
Day-old White Rock female chicks were raised in electrically heated battery brooders placed in a (Key words: female broiler chicks, early growth depression, dietary zinc, feed restriction, compensatory growth) 547 BARTOV temperature-controlled (25 C) room. The lighting regimen was 13 h lightll h dark. The chicks were fed a starter diet for breeder chicks (2,900 kcal/kg and 18.7% CP/kg) (Bartov et al, 1988) , supplemented with 0.25% NaCl, and whose mineral mix supplied 50 mg Zn/kg diet. At the age of 1 wk, two-thirds of the chicks (those closest to the average weight) in Experiments 1 and 2, and all of them in Experiment 3, were wing-banded and divided into groups of 10 chicks each. Mean group weights and individual weight distribution were equal within the groups. Four (Experiments 1 and 2) and six (Experiment 3) such groups were assigned to each of the treatments detailed below. Zinc was added to the basal starter diet as ZnO. The experimental diets (in mash form) and water were provided for ad libitum intake (except where otherwise mentioned). Individual body weights were recorded weekly. Feed consumption data were obtained at weekly intervals on a group basis.
Experiments 1 and 2
The effects of four levels of dietary Zn supplementation (0, 0.25, 0.50, and 1.0%) and of L-NaCl-D (Experiment 1) and of four levels of dietary Zn supplementation (0, 0.65, 0.75, and 0.85%) (Experiment 2) on feed intake and weight gain up to 3 wk of age, and on the growth response of the chicks during the week after the termination of these treatments, were determined in Cobb broiler chicks. The L-NaCl-D was achieved by using a NaClunsupplemented starter diet. The calculated sodium and chloride content of this diet were 0.0155 and 0.0161%, respectively. The sodium and chloride content of the drinking water was not monitored. At 3 wk of age the experimental diets were replaced by a commercial broiler diet (3,079 kcal/kg and 21.5% CP/kg) that was provided up to 4 wk of age. Birds of Experiment 1 fed the diet supplemented with 0.25% Zn were not used in the second part of the experiment.
Experiment 3
The effect of three levels of dietary Zn supplementation (0, 0.7, and 0.8%) and of SFR on feed intake and weight gain up to 3 wk of age, and on the growth response during the week after the termination of these treatments when subjected to a feed restriction regimen, was determined in Anak breeder chicks. The amount of feed allocated to birds of the SFR treatment during 1 to 2 and 2 to 3 wk of age was calculated to provide energy only for maintenance (Bartov et al, 1994) ; it was 14.6 and 18 g/d per chick, respectively. From 3 wk of age the birds of all the treatments were subjected to a feed restriction regimen with the starter diet, using the skip-a-day method. Feed was provided at 21,23,25, and 27 d of age. The amounts of feed allocated to each of the four treatments were different (Table 1) , as it was calculated to achieve a similar weight gain (1,712 g per bird) from 3 to 20 wk of age (Bartov et al, 1994) .
Statistical Analysis
One-way analysis of variance and regression analyses were carried out according to Snedecor and Cochran (1967) . Differences among means were determined by Duncan's multiple range test (1955) with significance at P < 0.05.
RESULTS AND DISCUSSION
In the three experiments feed intake, weight gain, and feed efficiency decreased in a dose-dependent manner with the inclusion of Zn in the diet (Table 1 ). Significant correlations between the percentage of dietary Zn supplementation (X) and relative weight gain (Y) (values observed in the unsupplemented diet = 100%) during 1 to 3 wk of age were observed in Experiments 1 and 2 (regression equations: Y = 109 -100X; R2 = 0.963; df = 2; P < 0.02, and Y = 99.8 -96.9X; R2 = 1.00; df = 2, P < 0.01, respectively). Although the regression equations of the two experiments were slightly different, they clearly demonstrated the linear effect of dietary Zn supplement on decreasing weight gain. The effects of L-NaCl-D (Experiment 1) and SFR (Experiment 3) on relative weight gain were calculated, from the above mentioned equations, to be equivalent to those of 0.58 to 0.65% and 0.78 to 0.87% Zn supplementation, respectively.
The levels of Zn used in Experiment 3 (0.7 and 0.8%) were chosen according to the above mentioned equations to ensure that the weight gain of the treated birds would be about 25% of that of the control, and similar to that of the SFR birds. This goal was achieved by 0.8% Zn supplementation (Table 1 ). These data demonstrate that it is possible to control, rather precisely, the growth of young broiler breeder female chicks from 1 to 3 wk of age by providing ad libitum access to the Znsupplemented diet, once a dose-response curve was established.
The well known phenomenon of compensatory growth (Wilson and Osborn, 1960) was evident from 3 to 4 wk of age in Experiments 1 and 2 when feed was provided for ad libitum consumption, as well as in Experiment 3, when the amount of feed was restricted (Table 1) . Generally, relative weight gain and feed efficiency of the chicks were positively related to the degree of growth depression during 1 to 3 wk of age. However, when treatments resulting in a similar growth depression were compared, it seems that the intensity of the compensatory growth of chicks previously fed the Zn-containing diets was lower than that of chicks exposed to L-NaCl-D or to SFR (0.5 and 1.0% Zn vs LNaCl-D, Experiment 1; 0.8% Zn vs SFR, Experiment 3). This phenomenon could be due to the impairment in the ability of the Zn-treated chicks to utilize dietary nutrients; high levels of dietary Zn have been reported to induce pancreatic lesions and gizzard erosion (Dewar et al, 1983) . This last finding suggests that the use of diets supplemented with a high level of Zn for inducing EGD in order to improve the feed efficiency (Plavnik TABLE 1. Effect of dietary Zn supplementation, low NaCl diet (L-NaCl-D) and severe feed restriction (SFR) from 1 to 3 wk of age on feed intake and performance of female chicks during these treatments, and after their termination, from 3 to 4 wk of age, Experiments 1 to 3 Means of each experiment, without a common superscript differ significantly (P < 0.05). 'Means of four, four, and six replicates of 10 chicks each, in Experiment 1, 2, and 3, respectively. The starter diet already contained 50 mg Zn/kg, supplied by the mineral mix. The treatment terminated at 3 wk of age.
7
The treatment was not included in the ANOVA because of extremely high variance in the performance variables.
8
The experiment was carried out with Anak breeder chicks. From 3 to 4 wk of age the chicks were fed a restricted amount of the starter diet.
and Hurwitz, 1990; Palo et al, 1995) or reduce the severity of metabolic disorders, as ascites (Shlosberg et al, 1991) in broiler chicks, whose growing period is relatively short, would be less efficient than SFR or LNaCl-D.
It is worth noting that the absolute weight gains of the control birds from 3 to 4 wk of age in Experiment 3 was significantly lower than those of the chicks previously exposed to SFR, in spite of the considerably higher amount of feed allocated to the former (Table 1) . This phenomenon was probably the result of a lack of adjustment of these birds to the restricted feeding regimen.
The Zn treatments evaluated in Experiment 3 decreased body weight of the mature bird, in a similar extent as the SFR treatment, and did not significantly affect egg production and egg weight up to 470 d of age (Bartov et al, 1994) . It is concluded, therefore, that dietary Zn supplementation at levels of 0.7 to 0.8% can inhibit early growth as readily as SFR, and can be used as an efficient tool for obtaining low-weight broiler breeder hens.
